We have reviewed 38 surgically treated cases of spontaneous posterior interosseous nerve palsy in 38 patients with a mean age of 43 years (13 to 68) in order to identify clinical factors associated with its prognosis. Interfascicular neurolysis was performed at a mean of 13 months (1 to 187) after the onset of symptoms. The mean follow-up was 21 months (5.5 to 221). Medical Research Council muscle power of more than grade 4 was considered to be a good result. A further 12 cases in ten patients were treated conservatively and assessed similarly.
We have reviewed 38 surgically treated cases of spontaneous posterior interosseous nerve palsy in 38 patients with a mean age of 43 years (13 to 68) in order to identify clinical factors associated with its prognosis. Interfascicular neurolysis was performed at a mean of 13 months (1 to 187) after the onset of symptoms. The mean follow-up was 21 months (5.5 to 221). Medical Research Council muscle power of more than grade 4 was considered to be a good result. A further 12 cases in ten patients were treated conservatively and assessed similarly.
Of the 30 cases treated surgically with available outcome data, the result of interfascicular neurolysis was significantly better in patients < 50 years old (younger group (18 nerves); good: 13 nerves (72%), poor: five nerves (28%)) than in cases > 50 years old (older group (12 nerves); good: one nerve (8%), poor: 11 nerves (92%)) (p < 0.001). A pre-operative period of less than seven months was also associated with a good result in the younger group (p = 0.01). The older group had a poor result regardless of the pre-operative delay.
Our recommended therapeutic approach therefore is to perform interfascicular neurolysis if the patient is < 50 years of age, and the pre-operative delay is < seven months. If the patient is > 50 years of age with no sign of recovery for seven months, or in the younger group with a pre-operative delay of more than a year, we advise interfascicular neurolysis together with tendon transfer as the primary surgical procedure.
Various conditions such as entrapment neuropathy, [1] [2] [3] space-occupying lesions, 1, 3 inflammatory changes, 1 neuralgic amyotrophy 4 like the Personage-Turner syndrome, isolated mononeuritis 5, 6 and fascicular constriction [7] [8] [9] have been reported as predisposing factors for non-traumatic palsy of the posterior interosseous nerve (PIN). Recent progress in diagnostic imaging has enabled us to exclude conditions such as space-occupying lesions and skeletal deformities as causes of spontaneous PIN palsy, leaving for review only those of unknown aetiology. 8, 10 Treatment of spontaneous PIN palsy is usually determined by its cause. Conservative treatment is recommended for neuralgic amyotrophy and isolated mononeuritis, 11 while surgical treatment is recommended for entrapment neuropathy 12 and fascicular constrictions. 13 Entrapment neuropathy requires simple extraneural neurolysis and decompression of the nerve, 1 whereas the recommended treatment for fascicular constriction of single or multiple fascicules without external compression involves searching for and releasing fascicular constrictions by performing interfascicular neurolysis. 8, 14 However, the predisposing factors for spontaneous PIN palsy remain difficult to differentiate prior to surgery, 3, 8 so the preferred treatment for this can be uncertain. 15, 16 The aim of this study was to review our 50 treated (38 surgically and 12 conservatively), and 114 reported, cases of spontaneous PIN palsy, 2, 3, 17, 18 in order to identify clinical factors affecting the outcome and to clarify the most effective method of treatment.
Patients and Methods
We defined spontaneous PIN palsy as those cases of palsy whose aetiology could not be diagnosed prior to surgery. 10 The diagnostic criteria were palsy of either extensor pollicis longus or extensor digitorum communis, with no sensory disturbance, confirmed by electrical silence and/or denervational changes in the affected muscle using electromyography. The power of affected muscles was grade 0 according to the manual muscle test (MMT) using British Medical Research Council muscle power grading (MRC grade). 19 Entrapment neuropathy was included because its diagnosis is usually difficult without surgical exposure. Space-occupying lesions were excluded because most of these lesions could be diagnosed pre-operatively. A total of 57 spontaneous PIN palsies presented in 55 patients (44 males and 11 females) in our clinics since 1991.
Our treatment protocol was as follows: 1) conservative treatment (observation with or without vitamin B 12 ) initially for at least three months after the onset of symptoms; 2) in cases which did not show a return of power to MRC grade 1 by three months or more after the onset, neurolysis was performed in those who agreed to surgical exploration. Interfascicular neurolysis was performed in those cases with no obvious external compression. We also performed neurolysis with a shorter period of conservative treatment in those with a strong desire to undergo surgical treatment as soon as possible; 3) both interfascicular neurolysis and tendon transfer were performed in cases which showed no sign of recovery one year after the onset of symptoms. This option was also performed in those patients who were insistent and wished to secure a satisfactory recovery with a shorter period of convalescence of less than one year after onset; 4) subsequent tendon transfer surgery was performed if there was no sign of recovery one year after interfascicular neurolysis. Some patients underwent this surgery within one year if they requested it; 5) conservative treatment was continued independently of the interval after the onset of paralysis in all those who did not agree to surgery.
Surgical exploration was performed in 38 patients comprising 31 males and seven females, with a mean age of 43 years (13 to 68) ( Table I) . Neurolysis was performed at a mean of 13 months (1 to 187) after the onset of symptoms, with a mean post-operative follow-up of 21 months (5.5 to 221).
Interfascicular neurolysis alone was performed as the primary surgical procedure in 27 cases, and extraneural neurolysis alone was performed in cases of entrapment (three cases). After neurolysis, the mean follow-up was 24 months (5.5 to 221). All six cases with a follow-up of less than ten months showed complete recovery (MRC grade 5). Subsequent tendon transfer surgery was performed in five of the 30 patients who underwent neurolysis, at a mean interval of ten months (8 to 15) after the operation. Both interfascicular neurolysis and tendon transfers were performed as a primary procedure in the remaining eight cases at a mean of 41 months (4 to 187) after the onset, and the mean follow-up after operation was 12 months (7 to 20). The final MRC grade for these eight patients is not shown in Table I , as it is difficult to evaluate the success of neurolysis in these cases.
The operative findings were taken from the records, and those which could be re-evaluated using photographs (18) and videotapes (one) were assessed according to our modified classification for fascicular deformities without external compression 10 (Table II) : type I, oedema and changes of colour in the epineurium with no obvious deformity in the fascicule; type II, constriction in the fascicule. This was defined as thinning seen in the fascicule regardless of its extent (Fig. 1a) . This type was sub-classified based on the presence of fascicular rotation and bulging on the proximal side of the constriction, like the pseudoneuroma seen in entrapment neuropathies. Type IIA, recess-type constriction; type IIB, recess-bulging-type constriction; type IIC, rotationtype constriction and type IID, rotation-bulging-type constriction. Each type II constriction was classified further into three subgroups according to the extent of the thinning. If multiple fascicular deformities were seen on a single fascicule, they were described in proximal to distal manner (Fig. 1a , for example, as IID-2/IIC-2/IIC-3). Type III, swelling in the fascicule itself with no evidence of oedema in its epineurium (Fig. 1b) .
The outcome of neurolysis was evaluated by MRC grading of the extensor digitorum communis. A final MRC grade ≥ 4 was considered a good result, whereas an MRC grade of ≤ 3 was considered a poor result, as an MRC grade of 3 of the extensor digitorum communis significantly impairs function of the hand. For those patients who underwent interfascicular neurolysis alone the evaluation was conducted 12 months or more after operation, except in those who showed complete recovery within ten months. The outcome of those who underwent subsequent tendon transfer was evaluated at least 13 months after the onset of the condition, when the subsequent surgery was performed. The relationships between final outcome and 1) age at onset (younger group: representing cases < 50 years of age, mean age 30 years (13 to 47); older group: representing cases > 50 years of age, mean age 59 years (51 to 68)), 2) presence of pain before the onset of palsy, 3) pre-operative delay (duration between onset of palsy and primary operation), 4) presence of fascicular constriction and presence of fascicular deformities, were analysed statistically using Student's t-test with p-value < 0.05 indicating significance.
We also evaluated the 12 cases of spontaneous PIN palsy in ten patients treated conservatively (Table III) . The final MRC grade was evaluated at their final visit. Their mean age at onset was 52 years (12 to 73), and mean follow-up was 26 months (2 to 240).
Results
The final MRC grade in those who underwent neurolysis as the primary procedure was 0 in eight nerves, grade 2 in two nerves, grade 3 in six nerves, grade 4 in one nerve and grade 5 in 13 nerves, with an overall poor result in 16 nerves and a good result in 14 ( Table I) .
The outcome of neurolysis was evaluated clinically. Age at the time of surgery was statistically significantly related to a good result. Those in the younger group had a significantly better clinical outcome, with 13 (72%) good and five (28%) poor results, than those in the older group, with one good result (8%) and 12 poor (92%) (p < 0.001). This difference was more obvious when the cut-off age was lowered to 45 years, with 13 (80%) good results at under 45, and only two (13%) good results at over 45 years old (p < 0.001). Six of seven cases in the older group that showed some recovery in muscle strength had an MRC grade < 3. The pre-operative delay was also found to have a relationship with clinical outcome; a mean delay of 3.7 months (1 to 6) was associated with a good outcome, whereas a mean delay of 6.9 months (2 to 18) led to a poor outcome (p = 0.03).
The pre-operative interval of the younger and older group was evaluated separately. A pre-operative period of less than seven months was associated with a good outcome in the younger group (13 good results (81%), p = 0.01). A pre-operative period of less than six months resulted in an even better outcome in cases younger than 45 years (ten good results (91%)); however, the association was not statistically significant (p = 0.09). All cases in the older group except one had a poor result regardless of their preoperative period.
Fascicular constrictions were observed involving 12 nerves, all of which were in the younger group. Obvious compression at the site of the arcade of Frohse 1 was seen in * G, good outcome; P, poor outcome † C, fascicular constriction (the number of Cs represents the number of constrictions seen); ENT, entrapment ‡ Ny, interfascicular neurolysis; Ny+TT, interfascicular neurolysis followed by subsequent tendon transfer surgery; Ny+TT(P), both interfascicular neurolysis and tendon transfer as the primary surgical procedure THE JOURNAL OF BONE AND JOINT SURGERY three cases. Oedema of the fascicules was recorded in 11 cases, and fascicule stiffness was noted in four. Fascicular deformities (Table II) 10 were also seen in 19 cases. All except two of the type II deformity were seen in the younger group.
The clinical outcome of neurolysis was evaluated on the basis of surgical findings. The existence of fascicular constriction had a strong relationship with a good result (p < 0.001), whereas the existence of type III fascicular deformity was related to a poor result compared with type II (p = 0.004). No significant relationship was found between the result and pain before the onset of palsy.
In those palsies treated conservatively, all except two had a good result. All but one of the successful cases showed signs of recovery within five months, with a mean of 2.5 months (0.5 to 8) after the onset of palsy.
Discussion
The treatment of non-traumatic spontaneous PIN palsy remains controversial. 1, 3, 4, 13 In order to try and help resolve this problem, we retrospectively reviewed 38 surgically treated spontaneous PIN palsies. An age of onset of < 50 years old and a pre-operative delay of less than seven months was associated with a good outcome, indicating that these two factors should be considered in determining whether to recommend surgery for this condition. These observations suggested the presence of potential pathophysiological differences regarding the age of onset of the palsy. One such difference might be the uneven distribution of fascicular constriction in the younger group.
Little is known about the pathophysiology of fascicular constriction. All reports except two have shown that fascicular constrictions are seen either in the anterior interosseous nerve (AIN) 10, 14 or in the radial nerve including its posterior interosseous branch. The two reported exceptions involved the suprascapular and the axillary nerve. 20, 21 Although fascicular constriction is believed to affect nerves located around joints subject to a lot of movement, 21 the reason why fascicular constrictions are seen almost exclusively in either the AIN or the PIN is unclear.
Pain before the onset of palsy is often seen in those peripheral nerve palsies with fascicular constriction. Local inflammation around the nerve, 14 or the development of the fascicular constriction may be the cause of this pain. However, why these conditions in these purely motor nerves should result in such pain is unknown. One possibility is that the painful discharges originate in the dorsal root ganglia. This view is supported by a report showing that after transection of the peripheral nerve, afferent neurons supplying skeletal muscle (but not those supplying skin) generated action potential activity originating within the dorsal root ganglia. 22 Another possibility is that the sensory fibres in the terminal branch of the PIN to the joint capsule of the wrist, comprising large myelinated afferents from muscle spindles, the Golgi apparatus, and nociceptors could produce this pain.
We have previously classified fascicular deformities without external compression seen in spontaneous AIN and PIN palsy 10 (Table II) . In these cases we found that the age at onset of the palsy was significantly younger in the obvious fascicular constriction group (type IID; fascicular constriction with fascicular bulging) than in mild fascicular constriction group (type IIC; fascicular constriction without fascicular bulging). This result seemed to suggest that the visco-elasticity of the fascicules may play some role in the pathogenesis of constriction. This may also explain why fascicular constrictions were seen only in the younger age group. Type II fascicular deformities seemed to improve following interfascicular neurolysis. On the other hand, type III fascicular deformity where the site of the lesion was on . This type appears quite friable, as the perineurium was easily damaged during neurolysis (arrow). the inner side of the perineurium, may not be improved by neurolysis. This may be one of the reasons why type III cases respond less well to interfascicular neurolysis than type II. Thus, immediate tendon transfers should probably be considered when type III deformity is observed at operation. The underlying cause of fascicular constriction is considered to be similar in spontaneous PIN and AIN palsy. 5, 14, 16, 23 In the latter, the relationship between the preoperative period and final muscle strength has been reported to be similar to that indicated by our study; a preoperative period of more than six months significantly correlating with poor final muscle strength. 14, 24 This similarity in prognosis may further support the validity of our data. One of the reasons for the poor results may be that the delay before neurolysis prejudiced the endoneurial circulation around the constriction, and led to collagenisation and the narrowing of Schwann tubes, thereby impeding the regeneration of the axons. This view was supported by histological examination of the resected fascicular constrictions; whereas oedema and thickening of the perineurium with numerous sprouting of fascicules including axonal clusters of a regenerative type was observed in the proximal part of a constriction, instead severe loss of nerve fascicules and a collapsed shape of the residual nerve bundles with myelin and axonal loss existed in the distal part. 14, 17, 20 In our review of 114 reported cases of spontaneous PIN palsy and neuralgic amyotrophy of PIN lesions we noted similar results. 3, 9, 13, 18 In the younger patients, other than those with entrapment neuropathy, of those who underwent surgical exposure within seven months of the onset, the overwhelming majority recovered well, with an MRC grade of 4 or more (97%). Pre-operative delay of less than seven months showed a significant relationship with a good outcome (p < 0.001). Both cases of fascicular constriction whose pre-operative periods were longer than one year showed no recovery. 8, 13 In entrapment neuropathy, a preoperative period longer than 18 months was the only factor which was associated with a poor outcome (p = 0.04) which agrees with the previous report. 1 It is important to have an initial period of observation in order to exclude cases which will recover spontaneously. 1, 3, 5, 8 However, we do not know how long this period should last. Our data together with the literature showed that those cases which recovered spontaneously had signs of recovery within seven months after the onset of palsy, regardless of the age at onset. 3, 17 This suggests that surgical exploration should be considered if there is no sign of recovery by seven months from the onset of symptoms.
In our studies and in the literature on spontaneous PIN palsy, younger patients whose pre-operative period was more than one year had a poor result. 8, 13 A poor result was also seen in the older age group with no sign of recovery within seven months, or in cases with a type III deformity. Tendon transfer should be considered as the primary surgical procedure in such cases. However, since interfascicular neurolysis offers some possibility of recovery of nerve function, it would be better to perform tendon transfer as internal splinting in order to preserve paralysed muscle for possible future recovery. On the other hand, the preoperative period was the only factor that was associated with its result in entrapment neuropathy. 1 This indicated that entrapment neuropathy should be distinguished from other causes of spontaneous PIN palsy based on its potential for recovery with operations. It is probably important to perform neurolysis as well as tendon transfers in all patients with spontaneous PIN palsy if the pre-operative period is < 18 months, in order to identify and release local areas of nerve entrapment.
Based on our analysis, our recommended therapeutic approach for patients with spontaneous PIN palsy is as 
* no signs of recovery were seen in case 4 as the MRC grade remained at grade 0 until last follow-up. The first sign of recovery in case 10 was not accurately recorded and is left blank † G, good; P, poor follows: 1) for patients < 50 years of age, interfascicular neurolysis should be performed within seven months after onset if no sign of recovery is seen. If the pre-operative period is more than a year, tendon transfer should also be considered as the primary surgical procedure if no entrapment is observed; 2) for patients > 50 years of age, tendon transfer together with neurolysis should be considered if no sign of recovery is seen within seven months of onset; 3) if entrapment is observed during the neurolysis, simple decompression and release of entrapment may be sufficient if the preoperative period was < 18 months. There is still debate as to whether surgical treatment is needed for spontaneous PIN palsy or not. 4, 8 In order to compare the clinical outcome of our recommended therapeutic approach with non-surgical treatment, we reviewed reported cases of conservatively treated neuralgic amyotrophy of PIN lesions. It has been reported that 73% of the neuralgic amyotrophy patients with a PIN lesion recovered within a year, 4 and 80% to 90% of neuralgic amyotrophy cases had recovered by three years. 25 It has also been shown that two-thirds of neuralgic amyotrophy cases began to improve in muscle strength within the first month. 25 Based on these reports, we estimated that the recovery rate in those neuralgic amyotrophy cases which did not show any sign of recovery by the first month was roughly 21% by one year, and 41% to 71% by two to three years after the onset. All of our patients and those in the literature who were treated surgically were those who did not show any recovery more than a month after the onset of symptoms. However, they showed a significantly better rate of recovery within a year after interfascicular neurolysis (81% in our cases and 92% in the literature), if the patient was < 50 years old and surgery had been performed within seven months. Thus, our therapeutic approach should produce a more rapid recovery than conservative treatment, and should be considered in the treatment of patients with spontaneous PIN palsy.
